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Organisms invading root canal systems result in serious pulpal and periapical disease. To eliminate microorganisms and restrain secondary
infections, dental materials with antibacterial properties are urgently needed in endodontics. Magnesium is considered as a promising
biodegradable and biocompatible implant material. However, there are barely researches about its application in endodontic therapy. This work
investigated the in vitro efﬁcacy of magnesium powder against Enterococcus faecalis and Candida albicans compared with a common
disinfectant, calcium hydroxide. With Calcium hydroxide served as a comparison it demonstrated the qualiﬁed antibacterial and anti-fungus
properties of Mg as root canal disinfectant due to its high alkalinity of degradation, and the antimicrobial efﬁcacy enhanced with the decreasing
powder size.
& 2014 Chinese Materials Research Society. Production and hosting by Elsevier B.V. All rights reserved.
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Root canal treatment aims at the elimination or prevention of
periradicular periodontitis which are mainly caused by bacteria and
their toxins [1], and therefore the eradication or reduction to a
biologically acceptable number of intracanal microorganisms is
required [2]. Conventional steps to achieve this goal are proper
canal cleaning, shaping, irrigation, inter-appointment medication
and ﬁlling of root canal system [3]. However, disinfection cannot
be accomplished frequently [4,5]. Residual root canal infection
may then sustain persistent or recurrent periapical diseases [6,7].
It is widely reported that residual microorganisms can be further
reduced by dressing the canal with a medicament between
successive treatment sessions [8,9]. Calcium hydroxide (Ca
(OH)2) is a common substance used to inhibit microbial growth
in canals [10]. The antibacterial effect of Ca(OH)2 is due to its high
alkaline pH. It also dissolves necrotic tissue remnants, bacteria and10.1016/j.pnsc.2014.09.003
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ors contributed equally to this work.their byproducts [11]. However, because of its toxicity [12], Ca
(OH)2 should be placed within the canal with the aid of a ﬁle or a
needle. Extrusion of the material into the periapical tissues can
cause tissue necrosis and pain for the patient.
An ideal disinfectant should be able to disinfect and
penetrate dentin and its tubules, offer long-term antibacterial
effect, remove the smear layer, and be nontoxic and non-
carcinogenic. In addition, it should have no adverse effects on
dentin or the sealing ability of ﬁlling materials [13].
Most studies about magnesium (Mg) and its alloy are involved
in their potential to be used as biodegradable implants due to
their biocompatibility combined with outstanding physical and
mechanical properties [14,15]. Importantly, implants made of
Mg and its alloys can be gradually degraded, absorbed and
excreted, thus a surgical procedure is not needed for implant
removal. It is well known that the initial rapid degradation of Mg
in aqueous circumstance could result in high alkalinity, leading
to the antibacterial effect. It was also reported that Mg is
antibacterial against Escherichia coli, Pseudomonas aeruginosa,
and Staphylococcus aureus [16]. Another study on AZ31 alloy
exhibits its antibacterial properties against Pseudomonas sp. thatElsevier B.V. All rights reserved.
L. Zhu et al. / Progress in Natural Science: Materials International 24 (2014) 441–445442prevented bacterial attachment and formation of bioﬁlm [17].
Moreover, degradation of Mg could induce mineralized tissue
and promote new bone formation [18]. Therefore, Mg seems to
be appropriate candidate of root canal disinfectant, which is
expected to have low cytotoxicity and antibacterial effect.
In this work, the preliminary antimicrobial efﬁcacy of Mg
powder with varied size against Enterococcus faecalis and
Candida albicans was evaluated. Commercial disinfectant, Ca
(OH)2, was chosen as a comparison group. The degradation of
Mg was measured by pH value monitoring.
2. Materials and methods
2.1. Sample preparation
Pure Mg powder (Tangshan Wei Hao Magnesium powder
Co., Ltd., China) and Ca(OH)2 powder (Shanghai Second
Medical Zhangjiang Biologic Material Co., Ltd., China) were
used to evaluate their antibacterial property. The powder sizes
were analyzed (Malvern Mastersizer 2000 particle size analy-
zer, UK) and listed in Table 1. Mg powder with D50 of
48.34 μm, 23.11 μm, 6.48 μm (Mg—48, Mg—23, Mg—6) and
Ca(OH)2 powder were sterilized by ultraviolet irradiation for
30 min before experiments.
2.2. Bacterial species
E. faecalis and C. albicans are often associated with
persistent infections [19,20]. Thus, the species chosen for the
experiment were: the Gram-positive, facultative anaerobic
species E. faecalis (ATCC 29212) and the fungus, C. albicans
(ATCC 10231). They were incubated to late logarithmic in
nutrient agar medium and Sabourand's glucose agar medium
before use.
2.3. Measurement of antibacterial and anti-fungus properties
0.05% Tween-80 was dissolved in distilled water, and the
pH value of its aqueous solution was adjusted to 7.0. The
Tween-80 solution and experimental apparatus such as test
tubes and ﬂasks were sterilized at 121 1C temperature and
103 kPa pressure for 20 min and naturally cooled down to
room temperature.
The antibacterial detection method was adopted according to
GB/T 21510-2008. E. faecalis and C. albicans suspension
were prepared by transferring colonies from nutrient agar
medium and Sabourand's glucose agar medium into a small
amount of distilled Tween-80 solution, and the concentrationTable 1
The particle sizes of magnesium powder and Ca(OH)2 powder.
Material D10 (μm) D50 (μm) D90 (μm)
Magnesium 33.38 48.34 69.51
10.62 23.11 40.82
0.84 6.48 20.43
Ca(OH)2 0.65 3.03 20.10of each suspension was diluted into approximately 105 colony
forming unit/ml (CFU/ml). Test powder and the suspension
were dropped into ﬂasks by the ratio of 0.5 g/100 ml. At the
same time, 100 ml bacterial suspension was added into a ﬂask
without any samples to serve as a control. The ﬂasks were
divided into three groups by different subsequent incubation
time in a constant shaking table (301C, 130 r/min) for 6 h, 12 h
and 24 h.
By the end of each incubation time, the suspensions were
diluted with phosphate buffer solution (34 g/L potassium
dihydrogen phosphate solution) into a 10-fold volume.
0.1 ml of the diluted bacterial suspension was streaked across
plate count agar. The plates were incubated at 371C for 48 h to
count bacterial colonies. The values of E. faecalis and
C. albicans concentration after incubation with samples can
be calculated by multiplying the number of colonies in the
plate by 100.
2.4. pH value monitoring
The powder was dropped into a ﬂask with 0.05% Tween-80
solution by the same ratio and immersed at the same
conditions as that in the measurement of antibacterial property.
The pH values were monitored by pH meter at 6 h, 12 h and
24 h.
2.5. Statistical analysis
Statistical analysis was conducted with SP13.0. Differences
among groups were analyzed using multianalysis of variance
followed by Tukey test. A p valuer0.05 was set as the
statistical difference.
3. Results and discussion
Fig. 1 shows the colonies growth on agar plates where
organisms recovered from ﬂasks after incubation of E. faecalis
with different samples for 6 h, 12 h and 24 h. Large amounts
of colonies were recovered from the ﬂasks of the blank control
as expected. Nearly no organisms was found in Ca(OH)2 and
Mg-6 group at all tested intervals. Whereas, for Mg-48 and
Mg-23 groups, there were still lots of colonies existed on the
plates at 6 h. The number of colonies decreased with extension
of the incubation time, and no bacteria was found at 24 h.
Meanwhile, with decreased particles size of Mg powder, the
number of bacteria was signiﬁcantly decreased.
Fig. 2 shows the colonies distribution after incubation of
C. albicans with different samples. Similar results were
observed, but the amounts of microbial for all Mg groups
incubated with C. albicans at 6 h were more than that in the
incubation of Mg and E. faecalis, indicating C. albicans were
more resistant to Mg powder, but both of them could not
survive when cultivated with Ca(OH)2. There was no signiﬁcant
difference (p40.05) in colonies numbers among Mg-48 group,
Mg-23 group and Mg-6 group, and a downward trend of the
numbers of colonies among these groups can be recognized.
Fig. 1. Pictures of the colonies growth on agar plates after incubation of Enterococcus faecalis with different samples for 6 h (a), 12 h (b) and 24 h (c).
Fig. 2. Pictures of the colonies growth on agar plates after incubation of Candida albicans with different samples for 6 h (a), 12 h (b) and 24 h (c).
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24 h.
The Statistical changes in the CFU/ml of suspensions can be
clearly seen in Fig. 3. The concentration of the blank control kept
at approximately 105 CFU/ml during 24 h periods. The concentra-
tion of E. faecali in Ca(OH)2 group sharply decreased to 0 after
6 h. Whereas, those of Mg-48, Mg-23 and Mg-6 groups showed arelatively slow descending at 6 h and 12 h. The concentration
signiﬁcantly decreased with the decreasing of Mg particle size.
While 100% reduction in load of E. faecali after 24 h incubation
time with all Mg power samples.
Comparatively, the density of C. albicans was reduced with
time in a mild way. The CFU/ml of Mg-48, Mg-23 and Mg-6
groups decreased not signiﬁcantly at 6 h and reduced by
Fig. 3. The CFU/ml of Enterococcus faecali (a) and Candida albicans (b) suspension at different time points.
Fig. 4. The pH variations of the medium containing magnesium powder and
calcium hydroxide at 6 h, 12 h and 24 h.
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from the beginning. The total reduction was achieved by Ca
(OH)2 after 6 h.
The pH variation of the mediums containing magnesium
powder and calcium hydroxide powder are shown in Fig. 4.
There was no signiﬁcant difference (p40.05) between Mg-48
and Mg-23 with different times. Mg-6 exhibited slightly high
pH value (10.7870.01) due to its small particle size and large
contact area. Comparatively, the highest pH value was
observed in the Ca(OH)2 group.
Ca(OH)2 and Mg powder with different particle sizes all
exhibited an antibacterial effect on E. faecalis. It was proved
that the high alkalinity (approximately 12) was contributed to
the antibacterial effect of Ca(OH)2 [10]. Similarly, the degra-
dation of magnesium expressed as:
Mgþ2H2O-Mg(OH)2þH2↑ (1)
The result could lead to high pH value. Robinson et al. [16]
also considered pH value in the solution to be responsible for
the antibacterial effect of Mg. In this work, Mg-6 represented
better antibacterial property at 6 h comparing with Mg-23 and
Mg-48 group, and there was no difference between Mg and Ca
(OH)2 groups at 24 h. Overall, the antibacterial effect of Mg
powder was moderate at ﬁrst, and enhanced with extended
time period.
As for C. albicans, Mg powder with different particle sizes
indicated similar anti-fungus functions. However, the growth
inhibition of C. albicans was detected not as strong as Ca
(OH)2 after 24 h of incubation. Compared with that of
E. faecalis, Candida albicans appears to be more resistant to
Mg powder. It was reported that the C. albicans had the
alkalinity tolerance [21]. Thus, the weak anti-fungus efﬁcacy
of Mg against C. albicans was deduced from its relatively low
pH value. The Ca(OH)2 was effective against C. albicans after
6 h of incubation, which was in accord with a similar ﬁnding
obtained by Waltimo et al. [22].
This study explored the possibilities of using magnesium
power and also its byproduct as root canal disinfectant. The
characteristic of high alkalinity resulted from Mg degradation
indicated that Mg could be used effectively in antibacterial andanti-fungal endodontic application. Furthermore, no cytotoxi-
city and its better biocompatibility [18] also proved Mg to be a
good alternative disinfectant in endodontics.
4. Conclusion
The effectiveness of Mg-48, Mg-23 and Mg-6 against
E. faecalis and C. albicans was proved. The antibacterial
and anti-fungus effects became stronger with the incubation
time and decreased particle size. No bacteria survived at 24 h,
meanwhile still a small number of C. albicans existed, which
declared the resistance of C. albicans to Mg. Ca(OH)2 was
efﬁcacy against both E. faecalis and C. albicans after 6 h of
incubation. The alkaline pH values should be the main reason
of their antibacterial and anti-fungus properties. Considering
the efﬁcacy of Mg against E. faecalis and C. albicans
combined with its good biocompatibility, Mg appears to be a
good alternative disinfectant in endodontics.
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